Abstract This study aims to develop a methodology for generating a flood runoff susceptibility (FRS) map using a revised curve number (CN) method. The study area is in the Kuantan watershed (KW), Malaysia, which was seriously affected by floods in December 2013 and December 2014. A revised runoff CN map was developed for the study area and then compared with those available in the SCS standard tables. The CN obtained from the revised approach range between 18 and 100, which reveals a stretching effect on the CN, which initially ranged between 33 and 100. Subsequently, the FRS map was developed for the KW. Approximately 5 % of the study area was identified as a very high-risk zone and 13 % as high-risk zone. However, the spatial extent of a high-risk zone in the downstream end and lowland areas of the KW could be considered to be the main cause of flood damage in recent years. From practical point of view, the finding of this research provides a road map for government agencies to effectively implement flood mitigation projects in the study area.
Background
Rainfall-runoff process, being nonlinear, occurs with high spatial and temporal variabilities. Precise estimation of runoff, specifically its peak discharge, is very important as it is the basis for water resources infrastructure design in urban areas. Various methods such as statistical analysis, empirical equations, frequency analysis, and unit hydrographs are used to estimate flood runoff. The soil conservation service curve number (SCS-CN), also known as natural resources conservation service curve number (NRCS-CN), was the first mooted introduced by the United States Department of Agriculture (USDA) in 1954 (Rallison 1980) . The method provides experimental relationship between rainfall and runoff depth which has been used extensively in different studies. The CN is an empirical indicator that is utilized to predict direct runoff or infiltration from rainfall excess (Alizadeh 2006; Mahdavi 2005; USDA 1986 ). In spite of its shortcomings, this method is capable of quantifying the effect of land use changes on runoff process (Rietz and Hawkins 2000) . The availability of the required data and the simplicity of the method are the main reasons behind its high popularity worldwide. According to Miliani et al. (2010) , the NRCS-CN method, which was originally developed for the study of agricultural land, has become a basic part of several hydrological models like CREAMS (Knisel 1980) , FEST (Montaldo et al. 2007; Rabuffetti et al. 2008) , EPIC (Sharpley and Williams 1990), AGNPS (Young et al. 1989) , HEC-HMS (Feldman 2000) and SWAT (Neitsch et al. 2005 ). Many favourable and unfavourable studies on the CN method had been done by Hawkins (1978 Hawkins ( , 1993 , Hawkins et al. (2009 ), Huang et al. (2006 , Garen and Moore (2005) , Mishra et al. (2003 Mishra et al. ( , 2006 and Michel et al. (2005) . These studies show that considerable attempts had been made to adjust and adapt the CN approach for some parameters, including the size of watershed (Simanton et al. 1996; Simanton and Sutter 1973) , soil saturation extent (Beck et al. 2009; Garen and Moore 2005; Ponce and Hawkins 1996) , and slope (Huang et al. 2006; Sharpley and Williams 1990) . Recently Kakuturu et al. (2013) have investigated the effect of terrain slope on spatial variation of CN values. In those highly flood affected watersheds, the characterization of LU by runoff potential is very important and useful in order to implement flood mitigation projects effectively. Derivation of FRS zone for KW is the main objective of this research study by means of both GIS tools and SCS method.
SCS-CN method
The primary form of the SCS equation is expressed by:
where q runoff (mm), P rainfall (mm), S potential maximum soil moisture retention after runoff begins (mm), and I a initial abstraction (mm). According to USDA (1986) , the primary fixed value for I a is equal to 0.20 9 S. However, recent studies (Woodward et al. 2003) have proven that I a = 0.05 9 S which was tested in other regions (Fu et al. 2011; Lim et al. 2006; Shi et al. 2009 ) and confirmed that this abstraction ratio of 5 % provides a more accurate runoff prediction. Nevertheless, a few studies (Xiao et al. 2011) have shown that an initial abstraction ratio of 20 or 22 % provides a more reasonable estimation for runoff. The S is determined by CN using the following equations:
As S can theoretically be zero and infinity, Eq. 3 shows that the CN can have values from 0 which represents lowest runoff potential to 100 which indicates maximum runoff potential. The NRCS-CN is related to the soil type, soil infiltration capability, land use, and top soil antecedent moisture condition (AMC). In this research, soil type and soil infiltration capacity are reflected in HSG and AMC is assumed to be in moderate condition as we use standard SCS tables which represent moderate condition.
Revised SCS-CN approach
Recent studies have investigated the ratio of I a to S using hundreds of rainfall-runoff data points from 307 watersheds in USA. In the model fitting performed by Woodward et al. (2003) , the ratio of I a to S(k) varies from storm to storm and watershed to watershed. They found that the 
AMC
The AMC in the watershed prior to the occurrence of runoff has high impact on the final CN value. According to the SCS method, the AMC is classified into three conditions, namely dry (AMCI), moderate (AMCII) and wet (AMCIII). The CN values are then converted in accordance with the wet conditions by the equation below:
where CN 0:05III is the CN for AMCIII and CN 0:05II is the CN for AMCII condition.
Study area
The study is carried out in the Kuantan watershed (KW) which is located on the eastern part of the Peninsular Malaysia centred at 3.78°N and 103.22°E. The KW encompasses the Kuantan town-the capital of Pahang state which is urbanized within the developed watershed (see Fig. 1 ). The climate of KW is significantly influenced by the northeast monsoon. The main city in this watershed is Kuantan, which had a population of 607,778 in 2012 (Noor and Rosni 2013) . Kuantan is the ninth largest city in Malaysia with mean annual rainfall of 3200 mm. There are no sources in the current document. The drainage area is about 167,437 ha, and its elevation ranges from 0 to 1511 m. Several major flood events had been reported in the KW, such as the flood events that occurred during December 2013, December 2014 and January 2015. A flood susceptibility map may provide a reasonable assessment of the watershed in response to the runoff process to assist policy makers and planners from the government or private sector in dealing with the flood mitigation activities.
Data and tools
The hydrologic soil group (HSG) and land use (LU) maps were collected from the National Hydraulic Research Institute of Malaysia (NAHRIM), and these data are the best available sources for the KW. The LU map for the year 2010 is generated from Landsat image processing and had been verified with the field observations. The HSG map is made based on the soil texture data from DOA. The main LU classes are forest (49 %) and palm (27 %) (see Fig. 2a ). The HSG map contains five classes, namely A&C, A&D, C&B, B and C. A&C units include class A and B but more than 70 % is A, while the rest is B (see Fig. 2b ). The same goes to A&D and C&D classes. This is one of the main constraints of the available data and may affect slightly the reliability of the outcomes of this study. The predominant HSGs in the study area are B, A&C, and C&B, representing 56, 15 and 15 % of the area, respectively. The ILWIS 3.7 was used for spatial data analysis. (Schouwenburg et al. 2013 ). An automated processor using cross-function in ILWIS was performed to produce a CN map for the KW (refer to Table 1 ). In cross-table, the value for each row and column intersection is the CN, which is referred to as CN 0.2II and is obtained from the NRCS reference book. The CN 0.2II map was generated by employing Eq. 8 in the ILWIS command line (see Fig. 3a ). This function is working based on the above mentioned twodimensional table and two raster maps of HSG and LU. The output from this operator is a raster map called CN 0.2II . The CN 0.2II values range from 32 to 100, with a predominant value of 55 (38 %). Then the raster map was classified into eight class domains (see Fig. 3b ). In order to calculate revised CN (CN 0.05II ), Eq. 6 was employed in the ILWIS command line and classified into eight classes with equal intervals (see Fig. 4a ). The CN classification is only for better visualization and the number of classes are based on the selected increment for classification with is 5 units of CN. After adjusting CN 0.2II with Eq. 6, the newly calculated CN 0.05II values range from 18 to 100 and the predominant value changes from 55 to 40 (39 % area). The adjustment for the revised CN0.05II causes the reduction of CN 0.2II values, such as lower CN values. The result is consistent with the reduction of the initial abstraction ratio in the revised SCS approach.
To generate FRS map, a SCS transformation function (Eq. 7) was employed in the ILWIS command line. The newly generated map shows the areas that are most susceptible to the flood runoff generation, which are revised based on the NRCS indicator. The CN value that is adjusted for wet conditions (CN 0.05III ) demonstrates a slight increase in CN 0.05II as well as CN 0.2II (see Fig. 4b ). Details of the analysis are provided in Tables 2 and 3. Table 2 lists the CN values, the number of pixels, the percentage of area and the area assigned for each CN value. The same parameters for each CN class are presented in Table 3 .
Sub-basin-wise FRS map
To produce the sub-basin-wise FRS map, sub-basin boundaries for the study area were delimited using ASTER-GDEM V2 (NASA 2015) . It is the best freely available DEM with a cell size of 28 m and provides the convenient source of data for watershed delineation and characterization (Akbari et al. 2010 (Akbari et al. , 2012 . To perform an accurate sub-basin delineation, optimization techniques (Akbari 2015) were applied to the raw ASTER data. Then, the average CN for each sub-basin were calculated using the aggregation function in ILWIS (see Fig. 5a ). A lower average CN of approximately 60 is obtained for the majority of forest land uses, whereas a higher CN value of approximately 86 is obtained for urbanized areas of the KW. To generate the FRS map, CN values obtained for each sub-basin were reclassified into five classes with equal CN intervals (see Fig. 5b ). Approximately 46 % of the study area provides a low response to the rainfall, and approximately 5 % of the study area, which consists primarily of urban areas in the KW, demonstrates a high potential for runoff generation and floods. It should be mentioned that the FRS areas with high potential are different with the flood-prone areas. The FRS map shows only the tendency of train surface for runoff process which may not be necessarily the flood-prone area and dose not represent the flood extent over the flood plains (Table 4) .
Conclusion
The concept of the runoff CN was successfully employed to develop a FRS map for the KW in the east coast of Peninsular Malaysia during the northeast monsoon. This study demonstrates the practical use of GIS tools for the spatial analysis of hydrological processes. However, the level of accuracy is highly dependent on the scale of the HSG and land use maps and the methodology for generating these data. In addition, adequate experience with a comprehensive understanding of CN theory is important for the successful indication and adaptation of CN values in standard tables using real case studies. The results of this study can be directly applied in distributed and semi-distributed lumped models to analyse hydrological processes and rainfall-runoff simulation. This study achieved to provide a methodology for FRS mapping in the study area. It was found that only 5 and 13 % of the KW is located in a very high-risk and high-risk zone, respectively. However, the spatial extent of a highrisk zone at the downstream end and in the majority of lowland areas of the KW may be considered as a main reason for flood damage in the past and possible future flood events. The methodology employed in this paper is not limited to the KW but can be applied to other areas with different climate conditions. The research methodology l can be further refined by adjustment of CN values for slope and drainage density. 
